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SUMMARY ,Q eo.asreaeunr

I his report. which descibei portionsofteVsblt aosoysP IOAQEfin.wsperdudr

4iF( L ( ontract H96 28-71 C-02%0 Ill contains a presentation of 29 low altitude scattering coefficient profil"s and related
mnefermlncal data that were measured during the Winter and Summer sesons of 1978 it four different geographical
'xain The measuarenments were conduciled during an instrumnenled urcraft's appoach And lending at (out of the %taging

hasiie Aiwsoied with the overall ()PAQUF program, Johnson rr al (1979)

The nephekometer measurements of total volume sattering coe#,enf which are presented in this report were made
is71o a poteudn-photopic spectril respionse having j mean wavelength of 5S7nm. and are thus suitable for comprion with
I ILA a~iocialed with standard visuial deteriniion% of airfleld visibility The tenmrature and dewpomnt temperature
-'lessuremcnts were made using an AN/ AMQ- I Iaerograph and a Cambridge Model 1 37-C. Aircrart Hygrometer System
Mensui.rments of hori~on and terrain luminances which were Meno med. during these aircraft descents Are not indiuded in

h report hut nre svailable in the Visitbiv Laboratory's basic data baoe should their stublsequent analwsi become
tesireattle

rhe reported data ilustrate that in twenty-six out of twenty-nine ass. there was little or no vignalkant variation in
ht, piiotoplc scattering toefficin as one apiproaiches the surface front an altitude of several hundred nmrs Thus
m'wiltl'np approxilmations of low* altitude here properties based upon near %urface measurements are in general Appropriate
I- tic ringe Mf meteorological conditions extant during these ights

0111111" "
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WINTER AND SUMMER MEASUREMENTS OF EUROPEAN
VERY LOW ALTITUDE VOLUME SCATTERING COEFFICIENTS

Richard W. Jehnson

I. INTRODUCTION ground level. A necessary condition imposed by the safety
of flight regulations which apply to a civil air spae, and an

In the increasingly sophisticated world of electro- unfortunate condition due to the extreme selsitivity of
optical detection, search, and guidance, the requirement slant path contrast transmittances to variations in the near
for establishing and predicting atmospheric influences on surface haze conditions. Thus. even though the structure
system performance continues to develop as a primary of the atmospheric scattering coeflicient profile has been
operational necessity. It is in support of this generil con- well documented within the altitude regime between 6 km
text that the Visibtity Laboratory in cooperation with, and and about 1 km above ground level, the true character of
under the sponsorship of the Air Forze Geophysics the near surface layer has been relatively undetermined,
Laboratory has maintained an extensive program of air- Several methods of extrapolation from the lowest meas-
borne optical and meteorological measurements. In recent ured data value have been used to identify the most prob-
years this program has been conducted as an independent able values of scattering coefficient within this region, as
but cooperative effort [Johnson et al. (1979)] in conjunc- have intermittent instances of interpolation between air-
tion with the NATO program OPAQUE (Optical Atmos- borne and surface measurements when both were avail-
pheric Quantities in Europe), Fenn (1973) During the able. Obviously, neither of these techniques addresses the
two year interval spanning 'he years 1977 and 1978. over determination of the shape of the profile within the first
80 missions were flown documenting the vertical structure kilometer above the surface. Consequently, there exists a
of !he visible spectrum total volume scattering coefficient significant degree of uncertainty in how one should prop-
in the lower troposphere Since a thorough aware.ess of erl, Jefi-.e tis altitude regime when attempting to calcu-
this vertical structure is essential to the prediction of late or n-edict its optical properties. This uncertainty is
aimspherlc influences on contrast transmittance through particularly troublesome when one addresses operational
this. regime. these data have been presented in a series of scenarios involving low flying systems whose mission

.:.. ,'e most recent of which is entitled "Air- depends upon the adequate performance of its electro-
borne Measurements of Atmospheric Volume Scattering optical devices.
Coeffictent. in Northrn l-urope. Summer 1978". Johnson
and (ordon (1980) The date contained in this report are intended to

reduce, at least in part. the uncertainties in the structure
The ophimum use of the experimental data of the near surface scattering coefficient profile These

prt'vented in rv;'orts such as Johnson and Gordon 119801 data. identified in Table 1.1, represent measurements
is surelv to establish the baseline assessment of those opti- made following each experimental data flight during the
,:al charactertstics most influencing slant path contrast instrumented aircraft's approdch and landing sequences.
transmittance, and to develop from these assessments Thus the measurements were made in the specific region
realistic predictive model,, An initial effort in this model of interest. i.e. between the approach pattern alttude of
de,,elopment, using both surface and profile data from the approximately 1200 ft and the surface, and can he used
OPAQUF program is discussed in Johnson era! (19791, directly to identify the optical characteristics of this tacti-
And the further applicaiton of these data to contrast cally critcal transition ,one The flights indicated i
transiitintc 'mdellinl is illustrated hv Hering 11981) able I I are all from the OPAQUE IV and V deploy-

A nexe,.ar* hut unlortunate artifact (if the data merits. Johnson and (ordon 197q and 1980. and thus
presented in the report series referred to above. Johnson represent only a sub-set of the total available data base A
ant (Grlm (1990 eli. is that the meavureme,.ts were second report, currently in preparation, will present similar
Alii , erminated A, -*'mc, 'ignih.n! ,illttde ,ihove dihla for the predominantlv Spring and :ill time pcrirls



tal .. i.igr irerrkrorr ti diance levels were presented for a broad variety of geo.
graphical and seasonal conditions. The general locate for

1 - -~ T LidnglTrmne these data missions is illustrated in Fig. 2-1 which has
LACVrodromre iderrirkarron tFlight No F h ot GT

_72' _4S __ - - _-- -- - __ -- _ been abstracted from Johnson et al. (1979). The aero-
3rgorNeila. 5' 1 033 Febr 78 500 dromes at which the approach data were measured are
24rn MSIL 1 434 18 Feb78 I 40005 indicated by the symbol,*

1460 02 Arug 78 154910 IThe instrumentation used during these flight
461 03 Aug 78 124724
462 "1il Aug 78 132230 episodes has been described adequately in the previously
461 1 07 Aug 71 1341, 1 referenced reports [Johnson and Gordon (1980), etc.] and

Wrrsrorf. Germany 451 1 22 Mar 78 14S3 will not be further elaborated upon herein. Suffice it to
i2,28'% 09*251E 452 123 Mar 78 160N30 1 say that the entire instrument system was mounted on an
i

7m MSL 454 128 Mar 78 14144) Air Force C-130 aircraft and included. but was not limited
46 1 Mar Au'8 1637027 to, the following listed items:

466 15 Ault 70 1341 in
468 21 Aug 78 13144 a. A multi-channel, multi-spectral nephelometer for the

469 2 Arr 78 0952measurement of atmospheric total volume scattering
Mcnrrrrrger. Grermran) 435 23 eb 78 104356 coefficient and directional scattering functions,

47* Ql 10'13F 436 23 Feb 78 52402
63l4. MSL 43' 27 F-eb 78 131#23 b. multi-spectral scanning radiometers for the measure-

439 01 Mar 78 145643 ment of sky and terrain radiances,
471 11 Seip 78 0990 c. a multi-spectral, two channel fiat plate irradiometer

471 1 Se 79 WIIfor the measurement of upwelling and downwelling
Mrideni,. Engiand 441 109 Mar 78 155711 irradiance levels, and

5'22 MM 29 444 11Mar 
7
8 1626119

itarn' vis29 441 i 3 Mar 79 612098 d. meteorological transducers for the measurement of
447 1iS Mar 78 150413
448 1, %4ar 78 1449511 ambient iemperature. dewpoint temperature and
41 : S e '8 174646 atmospheric pressure.
416 1b Sep 

7
8 153834

4"7 1sep 78 l12524 A special measurement sequence was associated
-with most flights discussed in these earlier reports, but its

%ore GM I I-rrr Are indrcared in Hnur -Mnues Secomri resultant data were not licluded as part of the standard
flight package, nor included in those reports. These sipe-

2. PROCEDURES & INSTRUMENTATION cialized data resulted from having the airborne optical.
meteorological, and data logging instrumentation opera-

The general flight sequences conducted during the tional during the aircraft's landing approach and touch-
OPAQUE measurement program have been reported in down. Thus, since the aircraft was staging out of an
severai preceding reports as noted in bottom row entries airfield generally remote from the standard OPAQUF
of Table 2.1 In these earlier reports, measurements of flight tracks shown in Fig 2-1I. two separate and indeperi
atmospheric volume scattering coefficlient and natural irra- dent data sets were c~ollected during most mission% The

T@Wl 2. 1. ijeographrral and Sewwrnar iDrrnbutrr 4l
I-rr Aittlade scattering (Oieir Pr.111

Attemptecl tr. Airrucle Data %0Seftn
Acrodrrnme rctrn

rqe Figr 7 1i W sprerr 1976 Fai, 1976 -iummer 1-7' & 1910 Wnp, 1414lat

sq% .gl 'rrrdi 0 0 4 8

I-rrenr France 0 4 I I

Wrminringen (termatr 0 n

Wrmr iRrnranr r SIS

%eowlert..r Seiheriand% 0

Mrbtientati irrighnri 4 0 1

%arW iDerrnark I 4 11

Primed0 AF 6 1 041

-. 1e0 1 hat#Wet-I- . - , 1 1 arr

2
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to eliminate urnecessary time sharing sequences and lion 4 These ffbght, -. rc i*t, i flI .t

thus optimite the detection of profile variations dur- dynAMIL, data -iermn 'edi A .fk.tk tn,,

ing the relatively short descent episodes Thus the determination of t,,. k-sao instant "I igdi III I'
nephelorneter was pre-set to measure total scattering flights for which the 1,ndnrg tme %as to dr. '..(

coefficient only without cycling through the direc- specific were nor included in the ..mpdrisor, -,' ri .4?

tional channel%, the scanning radiometers were their data might in fact he sutihlc .n All -the r~w
pre-set to stare at the sky and terrain directly ahead These comparisons Are listed in IlAble iI In ai .a~r, i.

of the aircraft. approximately 50 above and 50 below differences, Jlr. lAp and %lp r.:; resent :iec ict I-
the local horion, and the dual channel irradiometer measurement minus the C-.116 meAsurernent
was pre-set tot measure total downwelling irradiance
throughout the descen; The data summariied in Table ti '.4

D~lata iogging began shortly before the initiation of airborne and aerodrome measurt-mcn:i

the atrcratt's final descent for landing and continued age in reasonable agreemen Inc em. t i

throughout the descent and actual aircraft touchdown cal A3 syndeati diroeneaurmct of .w N- A,

in the runwao Somec editing has been required to dew1o3n and pesro e measureenni

elmnt puiu r-descent and post-landing datasytmicofe
ohith %ere adversel influenced Iy abnormal aircraft sytmicofe
attitudes (luring initial line up and prop reversal
influences during roll-out T'able 3. 1 i~. i&'~r.' '

Post deploynment data processing of these data has
beent handled in a manner similar to that described in I-F.. I~s'- .p i-

Johnison andi Goirdoin (1979) Calibration data for each "e9OIiC -uhe .1 A,

teplosmecnt eti is the samie As *a used for the parent data 44~. 42

sets, is roferetnee-d in each of !he Related Data Report 41

entries (it Table 2 1 Readers are reterred to these more
dectailed reports for supplementair. background informa-
tion where required Wu~,r 4 4 * i

401i

A M.ATHFR St M1MARY 4 '

the 44eather conditions existing during each of the
flight :1isotes trom which the APPROACH profiles have 444~"

heen ext'acied are dtiscussed in detai in Johnson and (jor- 4

dion NNP and lQKl) These parent reports include data 4,1

trorn d&6i~ siirfa~e and 500 millibar c:harts, surface obser- . *

,iiins. pilot reports. ,erilCal cross sections and
radi,-si'ndc. 1,iun~hes The Ihulk of these data were pro- io I

iteld -'o :hc i S A.ir i-irce I- vironmental Technical A0 5  fi

'~ntiat .ts(enotcr It S &F1A('t at Scott Air Force
Base, and the Natina tOceanographic and Atmospheric
Admninis!raiion sit the National ( limatic Center in Ashe- A ' .fr~~~

jj A %, "IVO N. ', .0 0p. .

ompario(ns hei% (tn the C-I II and RAOB air- X th

'roritflt icrIcm-iits of ternperai Ure. itewpoimt tempera -

'(ire and t vderts~ ettalucs iof re.iiive humidity for each
,!the witer inti sumrmer flights preceding these Sinkc the staging aeriktrornes for lu s .1 B'

\PPRt I V H4 :;,isodvs have been made in the parent flights "oere general]\ remote ttont the primats .t.i s

epirts re t iL11,d dhoVe I foweser. seseril additional selected supplemental weather data related SIOrcoIth o

tfidiil rt, urntmiriteid herein 44hich relate more the APPROACH site have been Included hecreri sn tv
I'' t hV 1it ii .n-Jing Lirt umsiotesL summrines of the meteorotogikat oh'cr%.ii, in tke;,I

staging aerodriome. at tr near the t 11Wt t ,snd~n I,

Measur-d salues of temperature Itll. dewpoint tern- piesented in 'Table 3 2 A glosars ii the iiost f

pertor '- idpi andt it niospheric pressure (p), that were so mbos is Included in Appendix k -~ t itire t eate' .,

r,-k.rdcd c <hc te ~it mioment of landing touchdown have %enience All data were reported ItI (,ot'enA,,h ( s,1 1
Osee~n -nipaiedl with the cotuialent values reported by the (G(7). which i% equisaldent to Orcen,^ikh Vfcon I m11
host acriltrome for eighteen oil the flights reported in See- l(,MT I the terminoiogv used ili lAble 12

4
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